Objective To retrospectively analyse the magnetic resonance (MR) findings of subcutaneous lipomatous softtissue tumours (SLSTT) in order to define a diagnostic and therapeutic strategy. Methods The MR findings of 46 SLSTT were registered for the following data: area, location within the subcutaneous compartment, dimensions, shape and delineation, signal intensity (SI) on different pulse sequences, signal homogeneity, degree and pattern of contrast enhancement. The MR findings, together with patients' age and gender, were compared with histopathological findings. Results Sixty-eight percent of the lipomas had a homogeneous T1-SI identical to the SI of subcutaneous fat. Heterogeneity in other lipomas was due to fat necrosis and small septa. Other lesions with homogeneous T1-SI identical to the SI of subcutaneous fat included lipoblastoma, lipomatosis and lipoma-like hibernoma. None of the liposarcomas were homogeneous and isointense to SI of subcutaneous fat on T1-weighted imaging (WI). Lipoma variants and liposarcomas showed overlapping MR characteristics. Conclusions SLSTT with homogeneous T1-SI identical to the SI of subcutaneous fat are benign. If a SLSTT has other MR characteristics, differentiation based on MRI cannot be made and biopsy is needed. We used this finding in defining a diagnostic and therapeutic strategy for subcutaneous soft tissue tumours that are hyperintense on T1-WI.
Introduction
Lipomatous tumours are extremely common, especially the benign types, which are frequently located in the subcutaneous compartment [1] . The subcutaneous compartment is composed of adipocytes, small nutrient vessels and thin septa, and lies between the dermis and the superficial fascia of the underlying muscle layer, periosteum or tendons. Clinical examination alone is often insufficient to identify the nature and exact origin of the subcutaneous mass, in which case imaging is necessary. Ultrasound is often used as a first imaging technique because of its availability, low cost and ability to easily visualise multiple coexisting masses at different locations at the same time. However, there is controversy in the literature about the efficacy of ultrasound in correctly diagnosing lipomas. Magnetic resonance imaging (MRI) is an excellent diagnostic tool for detecting lipomatous components. To our knowledge there has not been a study that has specifically focused on the MRI characteristics of subcutaneous lipomatous soft-tissue tumours (SLSTT). The objective of this study was to compare histopathology with the MR findings in a large number of benign as well as malignant SLSTT and to use these findings in defining a diagnostic and therapeutic strategy.
Materials and methods
Forty-six lipomatous tumours were selected from a MR database of 355 histopathologically proven subcutaneous soft-tissue tumours of the Belgian Soft Tissue Neoplasm Registry (BSTNR) and the Technische Universität München collected between 2001 and 2010. Our material contained 38 benign and eight malignant SLSTT. The benign tumours consisted of lipoma (n=22), lipoblastoma (n=1), lipomatosis (n=2), pleomorphic lipoma (n=6), angiolipoma (n=4) and hibernoma (n=3). The malignant tumours consisted of welldifferentiated liposarcoma (n=3), myxoid liposarcoma (n=4) and pleomorphic liposarcoma (n=1).
Three experienced musculoskeletal radiologists analysed the examinations together, using a scoring form (Table 1) while being blinded to the histopathological diagnosis. Age, gender, lesion area, location in the subcutaneous compartment, dimensions, shape, definition and signal intensity (SI) in different MR sequences were recorded. The BSTNR proposed routine MR protocol consisted of axial T1-weighted images (WI), axial T2-WI, axial fat-saturated (FS) T1-WI, coronal or sagittal FS T2-WI depending on lesion location, axial contrast-enhanced (CE) FS T1-WI (intravenous injection of gadolinium chelates), coronal or sagittal CE FS T1-WI and subtraction of axial pre-and post-CE FS T1-WI. Nevertheless, a large number of MR studies from referring centres were performed with less or incidentally other sequences [short tau inversion recovery (STIR) or proton density imaging]. Because of the retrospective nature of the study this could not be corrected.
MR findings, together with patient age and gender, were compared with the histopathological findings based on the 2002 World Health Organization's (WHO) committee for the classification of soft-tissue tumours (STT) consensus. The excised specimens were not available for review or mapping correlation with the images, but the pathological reports were reviewed and compared with the MR findings.
Results
Forty-six of the 355 STT in our database were SLSTT, resulting in the following percentages: 6.2% lipomas, 4.5% lipoma variants and 2.3% liposarcomas.
Lipomas (n=22) were found in 14 women and eight men. The mean age was 55 years (range 36-78 years). Most lipomas were located in the scapular compartment and the neck (both 18%). Size was highly variable. The largest lipoma had a diameter of 150 mm. Most lipomas (n=15) were oval and 19 of them were sharply delineated. The location in the subcutaneous compartment was variable, making contact with the fascia as the most frequent finding. Table 2 shows the scores of the MR characteristics of lipomas.
Fifteen lipomas had a homogeneous T1-SI identical to the SI of subcutaneous fat. If available SI on T2-WI was also homogeneous and identical to the SI of subcutaneous fat and the SI on FS T1-WI and T2-WI was homogeneously suppressed. Figure 1 shows a typical example of a usual lipoma.
Heterogeneity on T1-WI was seen in seven cases due to fat necrosis or multiple septa. Lipomas contained thin septa (thickness <2 mm) in nine cases. Although subtle/moderate enhancement of the fibrovascular septa or capsule was seen in five cases, 12 of the 17 usual lipomas did not enhance after contrast agent administration.
Three out of the 22 lipomas contained histopathologically proven fat necrosis. The fat necrosis in one case presented on MRI with T1-WI and T2-WI hypointense, peripheral, curvilinear strands that enhanced after injection of gadolinium contrast medium (Fig. 2) . In a second case it presented as a nodular component at the periphery of the lesion. This component was hypointense on T1-WI and hyperintense on T2-WI and showed subtle enhancement. Histopathology showed non-specific surrounding inflammation with fibrosis and calcification. Two other lipomas contained non-lipomatous components on MRI. These nonlipomatous components presented as rounded intralesional areas on T1-WI, consisting of a slightly hypointense centre surrounded by a peripheral hypointense rim, or as cloudlike T1-WI hypointense stranding. Based on these findings, we retrospectively considered these two cases to be lipomas with fat necrosis. The only case of lipoblastoma was found in a 13-yearold boy. The lesion, located in the paraspinal compartment, presented as an ill-defined, hardly visible, polylobular lesion touching dermis and fascia, homogeneous and isointense to subcutaneous fat on T1-WI and FS T2-WI. Histopathologically, the lobulated architecture was indicative of a mature lipoblastoma.
Lipomatosis (n=2) was found in two men, aged 45 and 50 years. Mean diameter was 88 mm. Both lesions touched the dermis. One case of lipomatosis presented as an ill-defined lipomatous mass in the nuchal region containing multiple intralesional, hypointense, thick septa on T1-WI and T2-WI. The other case consisted of multiple confluent lipomas in the left scapular region with identical SI as subcutaneous fat on T1-WI, FS T1-WI and T2-WI. There was no enhancement after contrast medium injection on FS T1-WI.
Pleomorphic lipomas (n=6) presented as heterogeneous masses in the neck (67%) or shoulder (33%) with fatty and non-fatty signal characteristics. Four pleomorphic lipomas were found in men and the mean age was 55 years. The mean diameter was 63 mm (range 32-100 mm). Most (four) lesions were oval and touched the dermis and fascia. The lesions were of heterogeneous signal on T1-WI, T2-WI and FS sequences. The masses enhanced in a subtle to moderate way after contrast medium injection (Fig. 3) .
Angiolipomas (n=4) were equally divided between sexes with a mean age of 43 years. Half of the lesions were found in the upper extremities. They presented as small, oval lipomatous masses (mean diameter 22 mm). Most of them contained internal septa and small vessels that enhanced after contrast medium administration. The SI of the nonadipose components could not be or could only incompletely be suppressed. Because of these components the SI on T1-WI was heterogeneous in all cases. In one case, lesions were multiple. Hibernoma (n=3) was found in three women. The mean age was 44 years and mean diameter 79 mm (range 48-110 mm). These sharply defined, oval/polylobular lesions were found in the neck, shoulder and thigh. All lesions were deeply located in the subcutaneous compartment and touched the fascia. The MR characteristics varied depending on the proportion of brown fat within the lesion. One hibernoma was isointense to fat on T1-WI and T2-WI, compatible with a lipoma-like hibernoma because it could not be distinguished from a usual lipoma based on these MR sequences. STIR images could identify the small brown lipomatous component with incomplete fat saturation (Fig. 4) . The lesion showed a small component with subtle enhancement. Two hibernomas were of lower SI compared with fat on T1-WI and T2-WI, and were hyperintense on STIR images and enhanced markedly. Histopathologically, these lesions were classified as nonlipoma-like hibernomas and contained relatively more brown fat (Fig. 5) .
Well-differentiated liposarcomas (n=3) were found in three men aged between 19 and 62 years, in the shoulder, thigh and paraspinal region (Fig. 6) . The mean diameter was 30 mm (range 19-41 mm). These oval/polylobular lesions had variable locations in the subcutaneous compartment. The MR appearances were also highly variable, with different SI on available pulse sequences. The only characteristic they had in common was heterogeneous SI on all pulse sequences.
Myxoid liposarcoma (n=4) was found in four men, with a mean age of 41 years. All presented as sharply delineated, polylobular lesions (Fig. 7) . Two lesions were located in the pelvic region, one in the thigh and one in the foot. The mean diameter was 70 mm (range 24-123 mm). All lesions were deeply located in the subcutaneous compartment. The lesions were hypointense on T1-WI and hyperintense on T2-WI, corresponding to myxoid matrix on histopathology. No lesion contained macroscopically visible fat on MRI. Three lesions enhanced markedly after contrast medium administration, two with a peripheral pattern and one with a central pattern.
Pleomorphic liposarcoma (n=1) presented as a large, non-sharply delineated, polylobular mass in the left elbow in a 65-year-old man. The lesion had a diameter of 110 mm and touched the dermis and fascia. The SI of this tumour was heterogeneous on all pulse sequences (Fig. 8) . We could not identify any macroscopically fatty component. Marked heterogeneous contrast enhancement was seen.
Discussion
Lipoma and lipomatous variants are the most frequent benign STT, with prevalence ranging between 16% and 50% [1] [2] [3] [4] . Most of the benign lesions are located in the subcutaneous compartment of the superficial soft tissues [3, 5] . Although liposarcoma is the second most frequent malignant STT (14.2%) after myxofibrosarcoma, formerly named myxoid malignant fibrous histiocytoma [6] , it is rather uncommon in the subcutaneous compartment [4] . Most liposarcomas are located in the deep parts of the extremities, especially in the thigh, or in the retroperitoneum. Differentiation is important because benign SLSTT can be treated conservatively or with marginal resection, while malignant SLSTT have to be resected with a wide margin. Although they rarely or never metastasize, even well-differentiated liposarcomas of the subcutaneous compartment, also called atypical lipomas [7, 8] , need a wide resection margin to prevent recurrence and dedifferentiation [9] .
The prevalence of various subtypes of SLSTT in our STT database is lower than those mentioned in the literature, but averaged over both benign and malignant soft tissue tumours and only valid for subcutaneous lesions. The low prevalence in our series is probably also due to selection bias, because many superficial lipomas are resected without pre-operative MR examination and even without histopathological confirmation. Furthermore, a number of small lipomas may be managed with clinical follow-up.
In accordance with literature data, lipomas were most frequently located in the head-neck region and trunk [2] . The location of lipoma variants and liposarcomas is more The mass is isointense to subcutaneous fat on T1-WI and T2-WI and shows subtle peripheral contrast enhancement. The lesion contains thin intralesional septa and has a peripheral capsule. STIR images show incomplete signal suppression difficult to correlate with literature data because of the small number of cases in our series. Myxoid liposarcomas were found in the buttocks (two of four) and thigh (one of four), which are known as preferential locations [6] . Pleomorphic lipomas were found in the head-neck region and shoulder, which are sites of predilection [2, 10] . Moreover, pleomorphic lipoma/spindle cell lipoma (clinically and pathologically related variants) are most frequently seen in older (>60 years) male patients. In our series, four out of six patients were male. For lipomas or other lipoma variants no definite sex predilection was noted or has been described.
Some authors described size as a significant differential parameter. Kransdorf et al. [11] found an odds ratio of 14.2 favouring a diagnosis of liposarcoma versus lipoma when a lipomatous lesion is larger than 10 cm. In our series, the mean diameter of lipomas was 6.4 cm. Surprisingly, lipomas were larger than the well-differentiated liposarcomas. Overall, size was not a useful parameter to differentiate benign from malignant SLSTT. Undersampling may be a reason for 5 Non-lipoma-like hibernoma in the right scapular region in a 63-year-old woman (arrow). a Sagittal T1-WI. b Axial T2-WI. c Sagittal STIR image. d Sagittal CE T1-WI. e Axial CE FS T1-WI. The mass is hypointense compared with subcutaneous fat on T1-WI and T2-WI, hyperintense on STIR images and shows marked diffuse contrast enhancement these equivocal results. However, the previously mentioned selection bias is probably also partly responsible.
The location in the subcutaneous compartment was variable in most lipoma and liposarcoma subgroups. Galant et al. [12] described malignant tumours of the subcutaneous compartment to have a higher tendency to develop a close relationship with the fascia than benign lesions. The only conclusion we can make is that the larger the lesion is, the more frequently it will touch the dermis and fascia. Galant et al. also stated that obtuse angles between superficial fascia and a subcutaneous mass or a lesion crossing the fascia would strongly suggest malignancy. Most of our subcutaneous liposarcomas (five of eight) did not cross the fascia nor did they have obtuse angles on MRI. However, none of the lipomas or lipoma variants had these features. The histopathological reports unfortunately did not describe the relationship of the tumours with the fascia.
Analysing the MR characteristics, we can distinguish three groups of SLSTT:
1. Usual lipomas. We found subcutaneous lipomas to have homogeneous T1-SI, identical to the SI of subcutaneous fat in 15 of the 22 cases (68%). Heterogeneity was caused by fat necrosis in five cases and by multiple thin strands in two cases. These strands did not significantly enhance. Kransdorf et al. [11] already described slight heterogeneity and/or thin strands with mild to moderate enhancement in lipomas, reflecting the presence of fibrous tissue and blood vessels. 2. Lipomatous lesions containing non-adipose components. Our findings showed overlapping SIs for lipomas with fat necrosis, lipoma variants and liposarcomas, reflecting the variable composition and percentage of non-lipomatous components. Notice the presence of intralesional septa and intrapelvine extension. Macroscopically, no fatty components can be identified on different pulse sequences 3. Indeterminate lesions. SLSTT without gross lipomatous components, making identification of an SLSTT impossible. This was the case in eight SLSTT in our study (one pleomorphic lipoma, two hibernomas, four myxoid liposarcomas and one pleomorphic liposarcoma).
This leads us to the following diagnostic approach (Fig. 9): & If a subcutaneous lesion has a homogeneous T1-SI identical to the SI of subcutaneous fat, the first differential diagnosis is a benign SLSTT. In our study, only usual lipoma, lipoblastoma, lipomatosis or lipomalike hibernomas had this homogeneous hyperintensity on T1-WI [13] . This may have important therapeutic consequences. Either a watchful waiting policy or a marginal lesion resection for aesthetic reasons may be considered. Theoretically, other subcutaneous lesions with high T1-SI should be excluded: lesions containing methaemoglobin, melanin or proteinaceous material [14] . The lipomatous origin can definitively be determined if the signal of the lesion is suppressed on FS T1-WI [15] . Nevertheless, the probability of a nonlipomatous subcutaneous STT being homogeneously isointense with subcutaneous fat on T1-WI is very low in our opinion. An important consequence of this finding is that contrast medium administration is needless in these cases. & If a subcutaneous fatty lesion contains non-adipose components, additional MR sequences are mandatory (T2-WI, fat suppression, contrast medium administration). In distinguishing lipoma from well-differentiated liposarcoma Galant et al. [16] advocated the use of FS T2-WI or STIR sequences. The presence of hyperintense septa or nodules on FS T2/STIR sequences would be more specific for well-differentiated liposarcoma than using the presence of thick septa or nodules on T1-WI as criteria of malignancy. In our study, we cannot confirm or reject this hypothesis due to an insufficient number of welldifferentiated liposarcomas. However, even with an extended MR protocol, tissue characterisation of these lesions is often not possible. Referral to an oncological centre is important to define the best therapeutic strategy. A biopsy will be often necessary and should be performed under computed tomography (or MR) guidance in order to obtain specimens of both components. & This strategy should be the same for lesions without macroscopically visible lipomatous components.
Apart from this approach, and although statistical analysis was not feasible because of an insufficient number of different lipoma variants and liposarcomas, we noted some interesting trends:
& A lipoma containing a rounded or geographically shaped component with a T1-hypointense rim or peripheral hypointense strands is suggestive of intralesional fat necrosis. Chan et al. [17] reported similar cases with MR appearance of fat necrosis within lipomas. & A rounded, heterogeneous lesion in the neck of a middle-aged man is highly suggestive of pleomorphic lipoma [10] . Bancroft et al. [18] reported similar MR characteristics in nine patients.
Our study has several weaknesses. It is a retrospective study in an existing database of histopathologically proven subcutaneous STT, making prospective conclusions based on MR findings only theoretical. We had limited numbers of each SLSTT subtype, especially from the liposarcomas. This renders statistical analyses impossible. Most of the studies in our database were performed in a referring institution using variable MR protocols, although a routine MR protocol was advised.
In conclusion, SLSTT with homogeneous T1-SI identical to the SI of subcutaneous fat are benign. Use of a simplified T1-hyperintense lesion MR protocol consisting of T1-WI allows the benign nature of the SLSTT to be identified. If a SLSTT has other MR characteristics, differentiation based on MRI cannot be made, making biopsy and referral to an oncological centre necessary.
